To develop new COX-2 inhibitors, 1,5-diarylhydantoins and 1,5-diaryl-2-thiohydantoins were synthesized from phenylacetic acids by esterification, bromination, C-N bond formation and cyclization. Esters 1-3 were efficiently synthesized from the starting materials by reflux in absolute methanol for 3 h containing concentrated sulfuric acid as catalyst. Bromination was carried out with N-bromosuccinimide at rt in dichloromethane. Bromides 4-6 were reacted with aniline, p-anisidine, sulfanilamide in ethanol (or N,N-dimethylformamide) to provide the amines 7-15. Hydantoins and 2-thiohydantoins 16-46 were synthesized from amines 7-15 by treating them with potassium isocyanate (or potassium thiocyanate) and triethylamine. The synthetic process from alkyl α-anilinophenylacetate 7-15 to 3-alkylhydantoins was carried out in a one-pot reaction using alkyl isocyanate (alkyl isothiocyanate).
Introduction
Nonsteroidal anti-inflammatory drugs (NSAIDs) are widely utilized for the treatment of inflammation, pain, and fever, but their use is often accompanied by gastrointestinal (GI) ulcerations and bleeding.
1 Inflammatory processes are provoked by different chemicals/biospecies including proinflammatory enzymes/cytokines, small molecular species, such as eicosanoids, and tissue degrading enzymes. Of these factors, cyclooxygenase (COX) catalyzes the conversion of arachidonic acid to prostaglandins (PGs) -key proinflammatory eicosanoids. All NSAIDs are believed to disrupt the biosynthesis of PGs by inhibiting the COX. 2 In 1990s, Fu et al. discovered the existence of two isoforms of this enzyme, 3 COX-1 a constitutive form and COX-2 an inducible form. COX-1 is expressed in normal tissues and is physiologically important for GI and renal functions, while the COX-2 isoform is located primarily in inflamed tissues. [4] [5] [6] [7] It seems reasonable that a selective COX-2 inhibitor could block PGs production at a site of inflammation without affecting beneficial PGs in normal tissues, such as, in the stomach and kidney.
The above hypothesis was partially proven when the first selective compounds, NS-398 and DuP-697, were tested in animal models. Both compounds showed anti-inflammatory, analgesic and antipyretic activities, but they did not cause gastrointestinal lesions at high doses. [8] [9] [10] Also, a new generation of anti-inflammatory drugs, celecoxib (Celebrex ® ), 11 rofecoxib (Vioxx ® ) 12 and valdecoxib (Bextra ® ) 13 are being widely prescribed to treat acute or chronic inflammation by providing symptomatic pain relief. COX-2 versus COX-1 selectivity demonstrated the superiority of these compounds over other NSAIDs in terms of reducing GI side effects. 14 However, emerging evidence suggests that adverse reactions such as GI irritation or ulceration and renal complications are associated with the prolonged use of COX-2 selective inhibitors. These adverse reactions have been attributed, at least in part, to COX-1 inhibition during longterm exposure or at higher doses. 15 COX-2 selective inhibitors are also known to suppress the synthesis of prostacyclin, a potent vasodilator, gastroprotectant, and platelet inhibitor, by inhibiting endothelial COX-2. Moreover, COX-2 selective inhibitors do not inhibit the production of thromboxane, a vasoconstrictor, and promoter of platelet aggregation, which is synthesized in platelets by COX-1. 16 Therefore, COX-2 selective inhibitors intrinsically lack antithrombotic activity, and some cardiovascular complications were associated with their use preclinically. 17 Thus, there is still a need for novel, selective, potent COX-2 inhibitors with a better pharmacologic profile than the current COX-2 inhibitors.
Due to the NSAIDs exhibited by selective COX-2 inhibitors, many researchs were reported during last several years. Very recently, Hwang et al., 18 reported the indole derivatives as potential COX-2 inhibitors.
Here, we describe the synthesis of a novel series of hydantoin containing a 5-membered heterocyclic ring. In this study, we introduced a p-substituted phenyl group onto the 1-and 5-positions of the hydantoin ring in the hope of producing a selective COX-2 inhibitory effect. This study describes the syntheses of novel 1,5-diarylhydantoin derivatives with a phenyl group at the 5-position and a phenyl group (or p-sulfamylphenyl, p-methoxyphenyl group) at the 1-position (Scheme 1).
Results and Discussion
In Table 1 , we summarized the physical properties and the optimal condition for the compounds 16-46. Two synthetic routes were classified as follows.
Production of hydantoin ring using KNCO/KNCS (Class I). We have previously reported some preliminary 19 (Scheme 1). The classical method for the preparation of hydantoins involves the reaction of α-amino acids with potassium cyanate; this reaction was carried out in boiling aqueous solution. The free hydantoic acid produced may be isolated by acidification of the solution or it may be converted into the corresponding hydantoin by treatment with 25% HCl.
This cyclization was preferentially carried out by refluxing a solution in dil-ethanol. It should be noted that the production of analogues of 2-thiohydantoin needs additional mild base such as triethylamine, because of the different reactivity of sulfur versus oxygen containing analogs. The formation of hydantoin was generally faster than that of 2-thiohydantoins. In some cases (e.g., R 1 = anilino group or pmethoxyanilino group), the reaction mixture was stirred for 1 h in order to increase the yield of Class I after adding cHCl. In other case (e.g., R 1 = p-sulfamylanilino group), the pH of the reaction mixture was optimized with respect to yield according to the presence of halogen (X = H, Cl, Br). For example, compounds 42 and 45 were obtained in maximal yields at pH 4, while compounds 43, 44, and 46 required a pH 1. Also, compounds containing a halogen (X = Cl, Br) required longer reaction times than those without a halogen (Table 1) .
Identification of Class I products was performed by NMR, IR and GC-MS. In the 1 H-NMR, the NH peak disappeared whereas the CH peak appeared as a singlet at 5 ppm. In the IR spectra, the carbonyl absorption band was not present at 1700 cm −1 because of the tautomeric nature of the hydantoin ring ( Figure 1 ). When R 1 was H or CH 3 O, this band appeared clearly. We believed that the enol-form was more stable than keto-form because both of functional groups donated an electron to the hydantoin ring. Production of hydantoin ring using RNCO/RNCS (onepot reaction) (Class II). A large number of aryl and alkyl isocyanate and isothiocyanates have been employed in this reaction. 20 The N-aralkylhydantoin analogues containing a phenyl or methoxyphenyl at position 1 of the hydantoin ring (R3 = n-butyl, n-pentyl, phenyl, benzyl) were synthesized in a one-step process (Scheme 1) from α-amino acids 7-15 using aralkyl isocyanate or isothiocyanate in xylene using a mild base like triethylamine. 21 Molecular sieve (4 Å) was added to remove the methanol produced. Reaction rates were found to be highly dependent on the solvent system used.
The reactivity of aralkyl isothiocyanate was low versus isocyanate and it generated many side reactions. The success or failure of the reaction depended on the nature of the functional group (R1 = p-methoxy or p-sulfonamide). For example, when R1 was p-methoxy (an electron donating group), the reaction proceeded well to give the desired products in good yield (Table 1) . On the other hand, when R1 was p-sulfonamide group (an electron withdrawing group), the reaction did not proceed well. Also, compounds with p-sulfonamide did not react regardless of solvent type (e.g. xylene, DMF, toluene, ethanol, etc.).
In the 1 H-NMR spectra, the -CH peak was shifted from 5 ppm to 6 ppm. Also in the IR spectra, two carbonyl absorption bands appeared at 1700 cm −1 , whereas they were absent in Class I (Table 1) . We considered that the keto-form was more stable than the enol-form in the case of substitution aralkyl group at the 3-position of the hydantoin ring.
In conclusion, we have developed a new class of 1,5-diarylhydantoins, which is the hybrid type compound 16-46 by structural modification of celecoxib and rofecoxib. 1,5-Diarylhydantoins were synthesized by esterification, bromination, C-N-bond formation and cyclization.
Experimental Section
Chemicals. Chemicals were supplied by Aldrich, Sigma, Merck, and Tokyo Kasei. Melting points were determined in open capillary tubes on a Büchi 535 melting point apparatus and uncorrected. NMR spectra were recorded using a Bruker 300 MHz NMR spectrometer. Chemical shifts are reported in parts per million and were recorded in chloroform-d or dimethyl-d 6 sulfoxide with tetramethylsilane as the internal standard. NMR spin multiplicities are indicated by the symbols: s (singlet), d (doublet), t (triplet), q (quartet), and m (multiplet). IR spectra were recorded on a Perkin-Elmer 16F PC FT-IR spectrometer using NaCl discs and pellets. Mass fragmentations were recorded using an Agilent 6890 GC and 5973 MS. 93 (s, 1H, CH), 3.68 (s, 3H, CH 3 ), 3.51-3.46 (m, 2H, CH 2 ), 1.61-1.56 (m, 2H, CH 2 ), 1.31-1.24 (m, 4H, CH 2 ×2), 0.85 (t, J = 6.9 Hz, 3H, CH 3 ). 13 C NMR (DMSO-d 6 ) General pocedure for the compounds 39, 41. Methyl α-(p-methoxyanilino)phenylacetate 10 (1.0 g, 3.69 mmol) and molecular sieve (4 Å) were added to xylene (10 mL) and then triethylamine (1.03 mL, 7.38 mmol), benzyl isothiocyanate (0.98 mL, 7.38 mmol) were added. The reaction mixture was refluxed for 48 h, cooled to room temperature and then evaporated under reduced pressure. The residue obtained was crystallized and recrystallized from ethanol to yield white solid. 
